Imaging amyloid fibrils within cells using a Se-labelling strategy.
The process of aggregation leading to amyloid formation by peptides and proteins is associated with diseases ranging from systemic amyloidoses to neurodegenerative disorders such as Alzheimer's disease. A key question in understanding the link between amyloid formation and its pathological consequences is the ultrastructural localisation and morphological form of amyloid species within the cellular environment. The acquisition of such information has proven to be challenging, but we report here a novel approach that enables amyloid fibrils to be visualised directly within a cell. First, fibrils are assembled from selenium analogues of the sulfur-containing cysteine peptides, and then, atomic number contrast transmission electron microscopy is used to detect the selenium doped species selectively within the carbon-rich background of the cell. We demonstrate the power of this approach by imaging human monocyte-derived macrophage cells that have been exposed to fibrils from an amyloidogenic fragment of the disease-associated protein transthyretin. The ready incorporation of seleno-cysteine and methionine instead of their natural sulfur-containing analogues, a feature that is already commonly used in X-ray diffraction studies of proteins, suggests that this method can be used as a general strategy to image specific peptides and proteins within the cellular environment using electron microscopy.